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(57)Abstract: 

PROBLEM TO BE SOLVED: To eject an ink drop stably by obtaining the 
resonance point profile of a piezoelectric element for ejecting ink in an 
ink chamber from a nozzle opening and detecting the ink filling state of a 
recording head thereby eliminating the problem that a bubble is mixed or 
generated in an ink channel. 

SOLUTION: Each ink chamber 38 coupled with an ink supply passage 36 
corresponding to each nozzle opening 22 is provided with a piezoelectric 
element 48 and, under fully replenished state with ink 40, the supply i ^ MmH J 
passage 36 and the supply path part 42 thereof, a buffer tank 44, the M (| 

chamber 38, and the opening 22 are filled with the ink 40. The ink filling ^ 
detector for a recording head 20 comprises the piezoelectric element 48 
connected with a voltage supply section 50, a voltmeter and a reference 
resistor. Ink filling state of the head 20 is detected based on the fact 
that the peak value of resonance point profile depends on the ink run 
out state, stable ejection state or unstable ejection state of the head 20. 
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DTK -/ Xil/HPfiWc WE-f > * tflttM"* -f > *^<t , 
DIE -f > **fcfWB -f > * «r«*&-r 4 -f > * • 

HDUnnffcc jcg d -cute >r > *a*9<&ftfE A > * £ b«i b -/ 

v Frt<D*TE-f >^^*1«^lMWcW^C £ 

$c iT-S7*'J > £ (DEI*^ * F ©StfSlfcfr^go 
[i»#3B2 ] ttEEMk^* F<DirjE-f >^£fuE-Y 

> * «t&Brt cc we a > * 5 ft T C » S 2£*K» 

i , iuEEIi^ * F rt©«TE > * CD^Stf^+^&tK 

Si ccj: o uEffiwisw^ai^^o y y a jwm* * 
i cceuo^ y »®e*^ v Ko^atais 

So 

$tf£:/y >£<DE^? fcc^wske^ 
t^4tJ^T*fcto©^y>*©E»^* F<D3E«Hft*l] 

«EE«* J K>*8feS3 r o 7 y A JHfe»T > WEE»^ 

* FrtOttE^^^'O^Wi^WCCtjttD-rSCi 

[»*S4 3 MEEtt^ v F©ttE-Y > *S±f9E/f 

> * K WE -f > * 3 ft X C > & 3t«#3& 

UEE«^? F«<DB?E-Y 
fii<t &CJ; 9 WEBEWR^^foS^P ? ^ -f 4 
»*S3 KEK©^ y > *©E»^ * K©3E«tft*P* 

[ »*3S 5 3' KfEfi*^ * F <DtNEV > 9 ^ £ huE -f 

> * «*&ffirttc I?e <r > 9 tft&k s ft t: c > 4 3S»#3S 

KfEES^ ? Fl*9G>WE-( > ^©^EW^^+^tttK 
fiSi. «TEE»^* Frt«cttE-f V^^a^WBt. K 
J: 0 SJEEEWR^f ©ftffi^^n ^ ^ *f»*S 
3 JCEKO ^y ©E»^ ? F (D^t»^»I^o 

[000 1 3 

* v F ^y 9 y > *E»^ ? FO^tttftA 
[0 0 0 2 3 

v F«, ;>ft>^^f-y3> >7 u ^>^jaS 
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- h y » S/SUH^JCB, ^-r±^L/cjP>^K:J:4®?l 
KK^^b =f a^c J: 5 y X;v ^ u - h B© «7 A fcT > ^OKj 
fWtf t)ftr % IBli^ ^ Fft^© > ^©^eai^ff *>ft 

[0 0 0 3 3 

io tc^j:l^X;^#S1-^C<!:^^ en® (BP^) U 

4^, HIRCcElijB'C* **-ccc«. ^>f*^ 
20 It, SES^v Frt^<D-<>^^»W+^*o/c/c 

£ 4 y > £<DEfi-^ 9 F^»«I^J:^ilt 
[0 0043 

mmzmv&rztc&v&mi m^mi<ommt, a> 
.^s^tta-rs/t^cD^xji/rapspi, we^xjubp 

30 B?E-Y>^%«*&-r4>f>^«*&K<!:. EPttlWECClEi; 

xvmA > ^srt©«E-r > * *oe -/ x;uiapgp^a 

sr FtCfeW4ME>f >^^»^SS«:«»D"^S/c«?)(0^ 
y > »©E»^ v F (D^at^D^g"C^> o r , BuEffiS 
^CD^tg^n^r A)l<*iWX. WEEMk^^ FrtO 

■r 4 ^ y > ^ ©f bi*^ f <DM*s#&o^ar & 4 . 

[0 0 0 5 3 IMtB 1 ^ y >^<DE»^ ar" FK:*j 
» 4 > ^ ©*«K«*l«arr 4 rscc % ES^-f <D*Jl 

40 ^V'XXV y A^nx. KUt^v V\H(DA>P(0^mR 
»*«SlW«:tftfti'r4. cftCCct«9, IB^^^FWc-Y 

[00063 2 <Dfyj8», s»*3i i cciBtg©^ y 
>z<DMm^v F<D%mw$£&ttto^x. mssm^ 
v ¥<DmfcA>2mtmizA>9m&mft&mmA>? 

&^o7T-f;WWS. «*3B2t?«. E»^^ F 
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y > *©ia»^ v KK*jW4-f > ^©^ntfti^tfcfti'S" 
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[0008] ©»WB. «*^3 (CBttO^ V 

>*©fa«^-> Fw^artfcfc^&Kfc^- Suieia^^- 
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rng.vu? r A ju#WcS. i»#3I4t?«. E»^? F 
©-f > i A > *«3&88l*3K: -f > ^*«*«3 tvt«,v4 
3t»tf3!S£. latt-^f Frt©-Y >^©3t«#^F-hfr&tK 
SgiK«fc0. ESf T-O^MT'a ^ 7 Y c 
i^jpJfflUr. iB»^5» Frt©-(>?©3&Bt*3»*«Si 

[0 009] W*^5 ©ISHJB. fciats©-/ y 

>*©ESi^f F©^«tfcftnfri*Ktet>'r. fuiBfaii^ 
F©frtB-f >^<tfria>f ^i'^iSrttclirBB-f 
titrt* i^BHttli - MfBIBJ^ » Frt©wia 
-f>*©*«*i^+»<ttt«i. WEES^j F(*9Kb<j 
gBW-> f #&t>#3Bi . . K <fc 9 UfBffi««^-©*&^^ 
D7tY;W^S. iM0B5-C«. ia»^? F©-f> 

*M t a> * «*&ssf*i k a > * * 5 ^t» s nr ^ s ?t»tK 

J££. IBSS^^ Frt©^*©^^^******^ 
I m^- v F CC A > f #&t< *KSS i CC J; 0 ^^©ft 

a7 7-f*ttt, ff«*?a**J*r»t:i»SHWS«iH 
RO'lBii^? F^(C-Y>^*5^t*3txfcC<!:K:J: 

^iK»®JS«:*5t»-C. -e©j§jffi^^-C©iE^©Ji?l 

dS) ^l/fc^a^T-f^OCiTSiS. 
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mw<D$mv>&i&] err. **w©»a«c*(iKjg» 
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-Ct^-S. a— 9 1 4B^il'Fl 1 7© 

mt>m 7AKjsasstin»*. 7©m*#i 
a-r oae-r -2> . F2 o«. f^spi 8 

fc«*3*l-Ct»*. ^» Ffi^aH 8«^^ F 1 
oTX^IflJKI^ttL/. ^o{4g^*Bj«|-C*So C©i 
56^, F«J#gPl 8 ©XTsfSlO^UjR^S^t*. 
20 *-* l Q^tt^-SCiJCcfcOtf^. iBSft^-5' F20 

u< iiEPB-r-s-f naa^f f-c*s„ 

[ 0 0 1 2 ] ia2«. 01 ©IB«i^^ F 2 0©»fffl^ 

gaPSP2 2?:WL/-CC^„ cnew^^^PSPS 2 
«. #(cyx;uifcc^\ S2©«SiiL^icMb 
■C. ff3£IHIH»«:WJ3tiT:t,>*. yX;v^u-h2 4 
B. -{>^-7-U-h2 6 > 2 8. 7'l/-h30. 
->32. S.r>*JgSd«3 4K:S^3n-CI<^„ C4aK<t 
30 «JlB«^t» F2 0«. A>9W&1&3etA>i>m3 8 
^UOS. -f>f«*&SS3 6B. ^SSSI5»4 2<!: 
a',7t ^>^4 4 ; &Wl/"C(<^o a' !) 7t$>744 
B. -Y>^^3 8fcMt/-C«»&8SI84 6K J: ft 

h2 scratcffMsn-ct,^. Y>?i38tt, 

3 2ROVX^7"P- h 2 4KJ:DJf?(S3nrt,^. 
[0013] MW5U3 4©±(CBS)lS©ES* ; f 4 8 
*^$n-C^-So C©S)1S!©)IS*T-4 8B. MK 

40 ^j&gP5 o*>6©en*nmiE (^jv^mii) WJ&^ns 
i. -e©EnjjnmiE©^:#SK:i£;D-c. s«jS3 4 4e* 

©ffm^^4 8 B. SE«05 0frib<DWmnf£K& 

cxA>fm.3 azmmttcimmz-ezTfrz-x-- 

Z-C&Z, C<D£*>t,cA>?M3 8*s|^K**C»BiDWi 
^n^CiKJ:^. ^>7t38(*3©Y>l'40AJ. ^ 
X;HgPgP2 2 i^h^A >f ^3 8 ©IUS«>Sl^BiR 
Sf©mK«:it:or. m^«©-/ >^?B4 o A%ti:*ffl-r 

50 [0 0 1 4] 02K:fcl>-t. -T>?{!W&&83 
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44. •e(yTtt^8S4 6 4'f>i'^3 8Si>VX;Ha 
□35 2 2 CC«te $ tlX^Z . 

[ 0 0 1 5 J H3 tt. »lf M©EmilT4 8 ©»fWfK 

tew jitgi^o 7 t -( j^tffif i c i tc i t] , eft io 

5%l/Cl>«. 03©Em**4 8«. r 4 

' 5 6*aS»-r*ctKJ:*)fltBR3ft-C(ri4. ftJI^a 
7T-r/HftfflS5 6tt, mm&tnRgt. mEH"5 8R 

o tt. x*«e*e«3R?-4 8 «c*t urEPJnrrs fe©r- 

as. 20 

[OO16]04«. 03©2£*tfc*a3?SS5 4£<fc9S¥ 
t,<tUtfc'5, ffSsg^4 8©-SSi5«cMLTSigS 
tnR?-fflSB* s iB5>JfcSMSnr^-5„ SEl+5 8«. 

GNDB«»3ntl>S. ®t®JaRgilI«*^4 8 
©**b£Mtt. «fflH-5 8K«a*3h'r«.»*. E*3iT 
4 8©«SPtC«^Ett5 8*»6A**HI«9BV i *« 

g©SSBS^M*>6». ffi«BR-T-4 8©aj**Sil»BVo 30 
#<«fflH-5 8iCA#i*ftS. JilEH-5 8{CteWSy-r^ 
WHB. 2 0 LOG ( I Vo l/l Vi I ) 
A*«B Vm V i <t HJ*l6SSft» V oK*» Sfiffl^tt 
«. Ar c tan ( I Vo l/l Vi I ) t?HtCi# . 

[0017] S3<tH4©J:-5^?t«t^0i^g5 4«. 
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^ffl-T-So CCT. C©ES^4 8©ftJS*7*a7 7 

tt. &tf<4tl^jt^6@Wffi»lJS&& (ft*!*) 

7 r -OHWZtclbK.. 0 5 (A) &CSVr<fc5«:A#l§ 
3I&»V i «hL.riE^*»?l U 

inRg^^n-smsgfii©^^. s*«6iaRg©R8©ii 
®Mit\sxm&-irZ>ztvc&-?x, E«8t?-4 8©2«i so 
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A7'd7t A ^©itH^T*.*. 05 (A) ©cfc^KIE 
BaSB©A2J»5l*#V i *504©HEft5 8*>e>E« 
^4 8iC^x6n-5<t. 05 (B) <f>&*)tmffi& 
mtV o -C^TiEK^^if-S C £*s-C£ S. 
[00 18]*K, 02 ©lEft-^ f F 2 0 Kfctt £«f* 

©-f>?4 o©^«^«c-5^-ci^Hj-rSo 06^-r 

«fc-5K. left^* F20rt©-f>f«ISB36. tfc*&i& 
884 6. J>i>m3 8WZ*'Vin»2 2rtK-f>£' 
40*^*Sftr^£#><»:'5#>K:«i:D. 06 (A) -f> 
**iU*ML (B) 3f3@ltlH««. VcXf (C) ^RtlHtt 
JH£> & l»«^R)©ltatt«0 3 r?K» W 4 C t ifiX * 

06© (a) 4>?mbvmtit* 0 2©iBft^f 

F2 0©-f>^«*&BS3 6; «*&8BS46. -f>*£3 
8SD t ^X;l/ggngP2 2©*K. -f>*4 0#«£<*W»» 
tH^Srt^. 06(B) ©S^ttffltKSSiW:. -f>f 4 

X;i/§apgi52 2 cc+fl-fcaas tin>*«»*c» 
5. -eu-c. 06 (O ©^ttffltfc^s^tt^Stt 

fflttSstli. 02©-f>*{&&883 6. -f>?tt*&fciESS 
46. -Oi7^3 8Si>VXJHaPgP2 2rtK:^>i'4 

o. ■e©^>i7 4o©*{cMra* 5 MA*?><< i «^.!S* s ^ 

[0019] 06(C7^-T (A) A >:?&LtK!S§. (B) 
©SSttWtm RO' (C) ;FtttMK«g&M>«*3c5£ 
n±a#3BjT-«. E»R^4 8 0«i.*^n v t -f JU© f 

-^ffl(kHz) *!M«cs*{ctta-rs. -r^to%06 

(A) . 06 (B) Rt>*06 (C) ©S«SI©at^Cj: 

or. *ti*tiffi«* ; f-4 8©^8*-F*««iGc*©tr 

*5„ C©<t5Kftji.^07r ^JU©f-ffii*5M^ 
4, -r*D&^3g*- F^S^SffiSiU-Ctt. IBft-^ 
F 2 0 ©iSSS. -f > ftt*&SS3 6 . «*&^S8 

4 6. -f>^S3 8RO ; ^X;HgPS|52 2rtK:*5WS'f 

(^B»©iatt4a-rffi») ©^t^-f^f 

K<l;^8SfiSi©^bK:<f:€>fc©t#^^>n?» 0 -f^- 

1 ] . #mffi<D$Zit<DmGZ<l\J/<i t [cm 3 /s e 
c J ] . Klfcffi**? [dyne/cm' ] .fTSi. 
p =M • dU/d t 

[0 02 0] 02©fBft-^^ F2 OrttefcttS-Oi^ 

o. cn«:j:O02©-en-en©^x;mpgp2 2fc*s 
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W & A > * CDt*S8# £'©<£ 5 K ft o "t I > £ *P fctefcrT S 

BBOWTtt* 06© (A) -0^«8L/tfc«t?tt, SJS 
&?U7r -fJWOt:-^tt«l 1 5 (kHz)tJ)^ 
06(B) <DS32ttffl««"C»ftfi* 7 v 4 JbtD bT 
-^7 3 (kHz) £130 (kHz) r&£ e 5 
6*036 (O ©^qtffitfc«*4C^»^SttffltttBr 
« % dijga^n^T -f JMDbf-*fltt 1 0 7 (kHz) 
-C^^o COJcSK, 06 (A) . 06 (B) Rime 
(C ) m^^y^I/Ot-^tM^ 

[OO21]@7i08^ 06 (A)<D^>?&LtK 
»c*W*ia^^07T-f>U©y-f>«tt: LOG 

( I v I ) a^flctH^ttoW^lyrci*. 07 £0 8 
Cc*W*y^7rB, (MkraSflK(Hz)'r9bT^ 

H7©wi»By-f> (dB> ***u mscommt 

(iffi(deg. ) ^Ltt^c C(D<£5CC, 06 

(a) o-r>^«o««rctt, ebol^*? t <t mov 

-*fflPtt 1 1 5kHzt^ e 
[ 0 0 2 2 ] 09 £0 1 0 0 (B ) ©£©ittfRJ8 
CC*»4^aaa^n7r 4Art>V4ZsWBL \ LOG ( I 
V I ) a04£tB^©^£^T^£ o 09£01 0£ 

#mrr*4, 06(b) ojsatutt»ri*, *s^^ 

D7 7>{;l/Ob-^iPl, P2&7 3 kHz £ 1 3 0 

[0 02 3] 01 1 £01 2«, 06 (C) (D^ttffitK 
•ccfcWi^afcS^o^r ^©y-f>»tt: LOG 
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ja6S^07 7 >f ;i/©t-^«P 3 tt l 0 7 k 

[0 0 2 4 3 0 1 3 £01 4tt, 06 (C) ©^SJEtt 
HflttBctoW*2Wj£:/a ? r -f jud^ 4 >Wtt : L O 
G ( I V I ) Rtfttffl^©W**OTl>*. 0 1 3 £ 

7kHzt^, 

[0025] \&±<DmWjPht>tf>Z>& 5&t> 8B»^? F 

mt. **a&q^-h»«c«!«*5*D. 06 (A) ©>f>* 
fcUflfcr 06(B) ©S5£i±HJ«tt. * 

LT06 (C) (D^ttfflWJRftSl^B^Sttfflt^-C 
*4«^i"Cttv *fe^P77^KDf-WS^ 

■r*c£K:<fco. «b*jS«mb»^v F2 ort^>^© 
^W»*«fcrr 4 c £#r * 4o **w*+#fcttJ» 
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